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Abstract 



PROBLEM TO BE SOLVED: To manufacture a deformable mirror device which is free of a 
structure cutting off light and uses a piezoelectric thin film. 
SOLUTION: A mirror substrate which has a common electrode film 108, the piezoelectric film 
107, and a pixel electrode film 106 formed on Si substrate 300 is stuck on a thin-film transistor 
102 formed on a glass substrate 101 across bumps 105. Then Si substrate 300 is all etched 
away. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method 
of the mirror device which can be transformed which can be used as a space optical modulator. 
[0002] 

[Description of the Prior Art] In the mirror membrane structure which consists of the structure 
which pinched the piezo-electric thin film by the electrode thin film conventionally As the 
manufacture method of the mirror device which modulates the light which impresses voltage to a 
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piezo-electric thin film by active elements, such as TFT, is made to transfomi a mirror 
membrane structure, and carries out incidence to a mirror membrane structure by deformation of 
the mirror membrane structure and which can be transformed The method of sticking the mirror 
substrate in which the mirror membrane structure is formed, and the active element substrate of 
each other in which the active element is formed was devised. 

[0003] A mirror substrate arranges the mirror element used as a pixel which can be deformed to 
substrates, such as silicon, in the shape of a 2-dimensional array, and is formed in them. 
Although a mirror membrane structure is formed on the surface of a silicon substrate, in order to 
make deformation of a mirror membrane structure possible, it**********s and, as for the 
silicon substrate of the portion corresponding to a deformation field, an aperture (substrate 
removal section) is formed. An active element substrate forms TFT on the substrate which 
consists of glass, a quartz, etc., and is manufactured. Both substrates make the mirror element 
which can be deformed, and TFT correspond for every pixel, and are stuck. Li order to make the 
mirror element which can deform deform, it is necessary to supply the driver voltage generated 
by TFT to a piezo-electric thin fibn. For this reason, the field in which the mirror membrane 
structure was formed among mirror substrates is made to counter TFT, and both substrates are 
stuck through the bump who connects electrically the electrode of TFT, and the electrode thin 
film which constitutes a mirror membrane structure. 

[0004] According to the above-mentioned composition, in this mirror device that can be 
transformed, when carrying out incidence of the lighting light (incident light) from a mirror 
substrate side, incidence will be carried out from the aperture (substrate removal section) 
prepared in the silicon substrate, it will be reflected by the mirror membrane structure, and this 
incident light will be again injected from an aperture. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional 
mirror device which can be transformed, since the aperture (substrate removal section) formed in 
the silicon substrate interrupted light or became the cause of producing imnecessary reflection, 
there was a trouble of bringing about the fall of the contrast of light modulation. That is, in the 
Prior art, incidence of light and injection were performed through the aperture formed in the 
sihcon substrate, A certain amount of thickness (100 micrometers - 200 micrometers) is required 
for a sihcon substrate so that the handling in a manufacturing process may become easy. 
However, if the size of 1 pixel, i.e., one mirror element which can be deformed, is made small, 
compared with opening of an aperture, the depth of an aperture will become deep. For example, 
if opening of 100 micrometers and an aperture is set to 50 micrometers for the thickness of a 
silicon substrate, the depth of an aperture will also become the double precision of opening of an 
aperture. 

[0006] The contrast of light modulation aims [ the use efficiency of light ] high at offering the 
mirror device in which high deformation is possible by this invention's solving such a trouble, 
and removing all, after sticking the heat-resistant substrate in which the mirror membrane 
structure was formed with an active element substrate. 
[0007] 
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[Means for Solving the Problem] The manufacture method of the mirror device according to 
claim 1 which can be transformed The mirror stratification process which carries out a 
laminating to the order of the 1st electrode thin film layer, the piezo-electric thin film layer 
which has piezoelectric, and the 2nd electrode thin film layer on a heat-resistant substrate and 
which can be transformed, In the active element substrate in which the array of the pixel pattem 
formation process which **********sthe electrode thin fihn layer of the above 2nd and the 
aforementioned piezo-electric thin film layer in the mirror element configuration used as a pixel 
where it became independent, and the active element corresponding to the aforementioned pixel 
is formed In order to connect electrically the bimip formation process which forms the bump for 
taking the aforementioned mirror element and electric connection for every aforementioned 
active element, and each aforementioned mirror element and each aforementioned active element 
corresponding to it It is characterized by having the substrate lamination process which sticks the 
aforementioned heat-resistant substrate and the aforementioned active element substrate so that 
the electrode thin film layer of the above 2nd may counter with the aforementioned bump, and 
the substrate removal process of leaving the aforementioned mirror layer which can be deformed 
and removing the aforementioned heat-resistant substrate. 

[0008] Since there is no structure of interrupting light or producing unnecessary reflection in the 
optical incidence side of a mirror element according to the above-mentioned composition, it has 
the effect that an incident light can be modulated efficiently. 

[0009] The manufacture method of the mirror device according to claim 2 which can be 
transformed is characterized by the aforementioned heat-resistant substrate being a silicon 
substrate in the manufacture method of the mirror device according to claim 1 which can be 
transformed. 

[0010] According to the above-mentioned composition, it has the effect that the aforementioned 
heat-resistant substrate is removable by etching. 

[001 1] The manufacture method of the mirror device according to claim 3 which can be 
transformed is characterized by the aforementioned heat-resistant substrate being a quartz 
substrate in the manufacture method of the mirror device according to claim 1 which can be 

transformed. 

[0012] According to the above-mentioned composition, it has the effect that the aforementioned 
heat-resistant substrate is removable by etching. 

[0013] The manufacture method of the mirror device according to claim 4 which can be 
transformed is characterized by the etching method used in the aforementioned substrate removal 
process being reactive ion etching in the manufacture method of a claim 1 or the mirror device of 
three given in any 1 term which can be transformed. 

[0014] According to the above-mentioned composition, it has the effect that a heat-resistant 

substrate can be altematively etched to other members. 

[0015] 

[Embodiments of the Invention] It explains referring to the drawing of appending of the 
manufacture method of the mirror device which starts the gestalt of suitable operation of this 
invention hereafter and which can be transformed. 
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[0016] (1st operation gestalt) Drawing 1 and drawing 2 are some cross sections of the mirror 
device 100 which can be transformed by which **** manufacture is carried out at the 
manufacture method of the mirror device of this invention which can be transformed. 
[0017] TFT (it omits Following TFT) 102 is formed on the glass substrate 101 640 element x480 
element in the shape of a two dimensional array. After plating gold to the drain electrode 103 of 
TFT102, the bump 105 who jj^g desired pattem is formed. A bump's 105 height 

is about 20 micrometers, and while pinches a piezoelectric film 107 and it is connected to the 
electrode thin film 106, i.e., a pixel electrode layer. The mirror membrane structure consists of 
the laminated structure of the common electrode layer 108, a piezoelectric film 107, and the 
pixel electrode layer 106. The transparent insulator layer 109 is formed in the fi:*ont face of the 
common electrode layer 108. The thickness of the common electrode layer 108, a piezoelectric 
film 107, and the pixel electrode layer 106 is about 1 micrometer in all. 

[0018] It curves so that it may be referred to by mirror element 1 1 1 A which a piezoelectric film 
107 will transform if voltage is impressed to the pixel electrode layer 106 of a mirror membrane 
structure by TFT 102, and drawing 1 is transforming. A mirror membrane structure is abnost flat 
so that it may be referred to on the other hand by mirror element 1 1 IB which is not deforming 

when voltage is not impressed by TFT102. 

[0019] The common electrode layer 108 is a common electrode to each pixel, as shown in 
drawing 2 , it connects with the common electrode-terminal fibn 200 through a bump 201, and 
the potential of the common electrode layer 108 is decided by potential of the common 
electrode-terminal film 200. 

[0020] Then, the manufacture method of the mirror device which can be transformed is 
explained using drawing 3 - drawing 5 . 

[0021] First, the manufacture method of a mirror membrane structure is explained using drawing 
3 . On the silicon (it omits Following Si) substrate 300, the thermal oxidation fihn of Si used as 
the transparent insulator layer 109 is formed. Metal thin films, such as platinum (it omits 
Following Pt) which serves as the common electrode layer 108 on it, are formed. The PZT (it 
omits Following PZT) film which tums into a piezoelectric film 107 on it is formed. Next, heat 
annealing is performed in order to take out the property of a piezoelectric film. Since a heat 
annealing process is required, as a substrate, a heat-resistant substrate is needed. Next, metal thin 
films, such as Pt used as the pixel electrode layer 106, are formed. Then, in order to form the 
independent mirror element 111 corresponding to the pixel of a space optical modulator, it 
**********s in the pixel configuration of a request of the pixel electrode layer 106 and a 
piezoelectric film 102. 

[0022] In drawing 3 , the configuration of a mirror element is circular, therefore the field which 
deforms a mirror element is circular. If voltage is impressed to a piezoelectric film, a mirror 
element will deform in the shape of the spherical surface (curve). The bump 105 for taking the 
electric connection with TFT is connected with the pixel electrode layer 106 with the electrode 
pad 301. In order to make a deformation field as circular as possible, it is a narrow pattem 
between the electrode pad 301 and the deformation field of a mirror element. In addition, since 
one TFT is connected corresponding to one mirror element, if the array of TFT is 640x480, it 
will become the 640x480 number of the arrays of a mirror element. 

[0023] The connection method of a TFT element and a mirror element is shown in drawing 4 . 
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The Si substrate 300 explained by drawing 3 turns to the direction of TFT 102 the field in which 
the pixel electrode layer 106, the piezoelectric film 107, and the common electrode layer 108 are 
formed, and thermocompression bonding is carried out to the bump 105 of a TFT element 
substrate. 

[0024] Some cross sections of the mirror device in this stage which can be transformed are 
shown in drawing 5 (a). 

[0025] Then, if Si substrate is all removed by the reactive-ion-etching method using the gas of 
the fluorine system which can etch Si altematively, the mirror membrane structure supported by 
the bump 105 as shown in drawing 5 (b) will be formed. In addition, in case Si substrate is 
**********ed, you may cover the portion into which the substrate in which TFT is formed does 
YiQl ********** \yy jjjg resin etc. 

[0026] The manufacture method formed in a quartz substrate can be considered instead of a 
transistor forming a mirror membrane structure in Si substrate instead of the TFT element 
formed on the glass substrate as a modification of the above manufacture methods, using Si 
transistor formed in the fi-ont face of Si substrate as an active element. In this case, in order to 
make deformation of a mirror membrane structure possible, in a final process, reactive ion 
etching using the gas of the fluorine system which can etch a quartz altematively will all remove 
the quartz substrate in which the mirror membrane structure is formed. Also at this time, you 
may cover the portion which does not ********** tj^g j-esin etc. 
[0027] The example which uses the mirror device which was manufactured at the above 
processes, and which can be transformed as a space optical modulator is shown in drawing 6 . 
Drawing 6 is some (three elements) cross sections of a space optical modulator. The shading dot 
611 and the micro-lens element 601 are arranged to each mirror element at the coaxis. The 
shading dot 61 1 consists of material which absorbs light, on the transparent substrate 612, is 
arranged on a two dimensional array and constitutes the shading dot array 610. The micro-lens 
element 601 is also arranged in the shape of a two dimensional array, and constitutes the micro- 
lens array 600. 

[0028] The lighting light 620 is irradiated to the micro-lens array 600. As a lighting light 620, a 
parallel ray is desirable. The lighting light 620 is condensed with the micro-lens element 601. In 
mirror element 1 1 IB which is not deforming, if the shading dot 61 1 is arranged at the focus of 
the micro-lens element 601, it will be shaded by the shading dot 611 and lighting light will not 
return to the direction of a micro lens. On the other hand, if the focal distance of a micro-lens 
element is decided that the center of curvature at the time of making deformation of a mirror 
membrane stmcture into the spherical surface in mirror element 1 1 1 A which is deforming, and 
the focus of the micro-lens element 601 are mostly in agreement, the light reflected by mirror 
element 1 1 1 A which is deforming will retum to a micro-lens element again. Each other 
arrangement is decided that the micro-lens array 600, the shading dot array 610, and the mirror 
membrane structure of center of curvature of the shading dot 611 and a deformation mirror 
correspond with the focus of the micro-lens element 601 mostly. The light reflected by the mirror 
membrane structure as mentioned above can be modulated. 

[0029] In addition, in order to raise the reflection factor of the light by the mirror membrane 
structure, it is desirable to form the thin film of material with high reflection factors, such as 
aluminum (it omits Following aluminum), in the front face of the transparent insulator layer 109. 
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Under the present circumstances, in order to protect the front face of aluminum, you may form 
the protection thin film which consists of a transparent material. In addition, since the transparent 
insulator layer 109 is optically unnecessary, it may be removed and may form aluminum thin 
film layer in the front face of the common electrode layer 108. 

[0030] Since the mirror device which was manufactured by the manufacture method of this 
invention and which can be transformed does not have the structure of interrupting light or 
producing unnecessary reflection in the optical incidence side of a mirror membrane structure, it 
has the effect that an incident light can be modulated efficiently. 

[0031] The cross section of the main optical system of the projected type display using the space 
optical modulator shown in drawing 6 is shown in drawing 7 . 

[0032] The light emitted from the light sources 701, such as a metal halide lamp, is changed into 
a good light of parallelism by the reflector 702 which is a parabolic mirror, and it is made to 
reflect in the direction of a space optical modulator by the beam splitter 703. As drawing 6 
explained, it is shaded by the shading dot 61 1 and the light reflected by mirror element 1 1 IB 
which is not deforming does not go to the direction of a projection lens. The light reflected on 
the other hand by mirror element 1 1 1 A which is deforming passes the circumference of the 
shading dot 61 1, and reaches to the projection lens 704 through the micro-lens array 600 and a 
beam splitter 703, and image foraiation is carried out to a screen 705. Thus, the light reflected 
with the mirror element which is deforming reaches a screen, and forms a picture. 
[0033] Although the projected type display which used one space optical modulator was 
explained here, the application to the display which projects a color picture using two or more 
space optical modulators, the display which observes the virtual image to which the picture 
generated by the space optical modulator through the lens was expanded is possible for the space 
optical modulator equipped with the mirror device which was manufactured by the manufacture 
method of this invention and which can be transformed. 

[0034] As mentioned above, the manufacture method of the mirror device of this invention 
which can be transformed, and the manufacture method explained with the above-mentioned 
operation gestalt although the application of the mirror device which can be transformed was 
explained can be widely applied to the manufacture method of all removing the substrate 
supporting the deformation mirror membrane structure, without being limited to the operation 
gestalt. 
[0035] 

[Effect of the Invention] Since the mirror device which was manufactured by the manufacture 
method of this invention of all removing the substrate supporting the mirror membrane structure 
described above like and which can be transformed does not have the structure of interrupting 
light or producing unnecessary reflection in the optical incidence side of a mirror membrane 
structure, it has the effect that the high space optical modulator of efficiency for light utilization 
can be offered. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The mirror layer formation-on thermal-resistance substrate characterized by providing 
the following process which can be transformed [ which carries out a laminating to the order of 
the 1st electrode thin film layer, the piezo-electric thin film layer which has piezoelectric, and the 
2nd electrode thin film layer ], The active element substrate in which the array of the pixel 
pattem formation process which **********sthe electrode thin film layer of the above 2nd and 
the aforementioned piezo-electric thin film layer in the mirror element configuration used as a 
pixel where it became independent, and the active element corresponding to the aforementioned 
pixel is formed. The bump formation process which forms the bump for taking the 
aforementioned mirror element and electric connection for every aforementioned active element. 
The substrate lamination process which sticks the aforementioned heat-resistant substrate and the 
aforementioned active element substrate so that the electrode thin film layer of the above 2nd 
may counter with the aforementioned bump in order to connect electrically each aforementioned 
mirror element and each aforementioned active element corresponding to it, and the substrate 
removal process of leaving the aforementioned mirror layer which can be deformed and 
removing the aforementioned heat-resistant substrate. 

[Claim 2] The manufacture method of the mirror device according to claim 1 which is 
characterized by the aforementioned heat-resistant substrate being a silicon substrate and which 
can be transformed. 

[Claim 3] The manufacture method of the mirror device according to claim 1 which is 
characterized by the aforementioned heat-resistant substrate being a quartz substrate and which 
can be transformed. 

[Claim 4] The manufacture method of the mirror device given in the claim 1 characterized by the 
etching method used in the aforementioned substrate removal process being reactive ion etching, 
or any 1 term of 3 which can be transformed. 



[Translation done.] 
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Abstract 



PROBLEM TO BE SOLVED: To provide the spatial optical modulator equipped with a 
deformable mirror device which is free of the shielding and scattering of light by a structure to 
support a deformable mirror element. 

SOLUTION: On an Si substrate 1 12, a transparent insulating film 109, a common electrode film 
108, a piezoelectric film 107, and a pixel electrode film 106 are laminated to form mirror 
elements in a two-dimensional array. Then substrate-removed parts 113 are formed by etching 
the Si substrate 1 12 to enable the mirror elements to deform. The mirror elements are connected 
to thin-film transistors 102 formed on a glass substrate 101 through bumps 105. Illumination 
light irradiates the mirror elements through the glass substrate 101. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which inventioii belongs] this invention relates to the structure of the 
mirror device which can be used as a space optical modulator and which can be transformed, and 
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the structure of the projected type display using it. 
[0002] 

[Description of the Prior Art] In the mirror membrane structure which consists of the structure 
which pinched the piezo-electric thin fikn by the electrode thin fihn, impressed voltage to the 
piezo-electric thin film by active elements, such as TFT, the mirror membrane structure was 
made to transform conventionally, and the structure which stuck the mirror substrate in which 
the mirror membrane structure is formed, and the active element substrate of each other in which 
the active element is formed as a mirror device which modulates the light which carries out 
incidence to a mirror membrane structure by deformation of the mirror membrane structure, and 
which can be transformed was devised. 

[0003] This structure is explained using drawing 7 . Drawing 7 is the cross section of some 
mirror elements which constitute the mirror device which can be transformed and which can be 
deformed. 

[0004] On the silicon (Si) substrate 112, the mirror elements 1 1 1 A and 1 1 IB which can be 
deformed are arranged in the shape of a 2-dimensional array, and a mirror substrate is 
constituted. Although the laminating of the transparent insulator layer 109, the common 
electrode layer 108, a piezoelectric film 107, and the pixel electrode layer 106 is carried out to 
the front face of a silicon substrate 112 and a mirror membrane structure is formed in it, in order 
to make deformation of a mirror membrane structure possible, it **********s ^ fQj. ^j^g 
silicon substrate of the portion corresponding to a deformation field, the substrate removal 
section 1 13 is formed. 

[0005] TFT 102 is formed on a glass substrate 101, and an active element substrate is 
constituted. 

[0006] A mirror substrate and an active element substrate make the mirror element which can be 
deformed, and TFT correspond for every pixel, and are stuck. In order to make the mirror 
element which can deform deform, it is necessary to supply the driver voltage generated by TFT 
to a piezoelectric film 107. For this reason, the mirror membrane structure formed in the mirror 
substrate is made to counter TFT, and both substrates are stuck through the bump 105 who 
connects electrically the drain electrode 103 of TFT, and the pixel electrode layer 106 which 
constitutes a mirror membrane structure. 

[0007] When carrying out incidence of the lighting light 701 from a mirror substrate side in the 
mirror device of such structure which can be transformed, incidence of this lighting light will be 
carried out from the substrate removal section 113 prepared in the silicon substrate, and the 
reflected light 702 reflected by the mirror membrane structure will be again injected from the 
substrate removal section. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional 
mirror device which can be transformed, since the substrate removal section formed in the 
silicon substrate interrupted light or became the cause of producing unnecessary reflection, there 
was a trouble of bringing about the fall of the contrast of light modulation. 
[0009] A certain amount of thickness (100 micrometers - 200 micrometers) is required for a 
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silicon substrate so that the handling in a manufacturing process may become easy. However, if 
the size of 1 pixel, i.e., one mirror element which can be deformed, is made small, compared 
with opening of the substrate removal section, the depth will become deep. For example, if 
opening of 100 micrometers and the substrate removal section is set to 50 micrometers for the 
thickness of a silicon substrate, the depth will also become the double precision of opening. 
[0010] By this invention's solving such a trouble, making the transistor which impresses voltage 
to a mirror membrane structure into the TFT formed on a transparent substrate, and carrying out 
incidence of the lighting light to a mirror membrane structure through this transparent substrate, 
cover of the light by the silicon substrate supporting the mirror membrane structure is lost, and it 
aims at raising the contrast of light modulation. 
[0011] 

[Means for Solving the Problem] By a space optical modulator according to claim 1 consisting 
of a piezo-electric thin film and the electrode thin film which pinches this piezo-electric thin 
film, and impressing voltage to the aforementioned piezo-electric thin film, the array of the 
mirror element which can deform in the shape of a curved surface, Li the space optical modulator 
equipped with the array of the active element formed on the active element substrate which 
consists of a transparent substrate, and the structure of connecting each of the aforementioned 
active element electrically corresponding to each of the aforementioned mirror element, it is 
characterized by making lighting light irradiate the aforementioned mirror element through the 
aforementioned active element substrate. 

[0012] Since Ughting hght can be irradiated from how which the structure which supports a 
mirror element twists at a mirror element according to the above-mentioned composition, it has 
the effect which neither cover, nor unnecessary dispersion or unnecessary reflection of light 
produces that the bright space optical modulator where contrast is high can be constituted. 
[0013] A space optical modulator according to claim 2 is characterized by arranging the lens 
array which changes firom the array of the lens element corresponding to each of the 
aforementioned mirror element to the incidence side of the aforementioned lighting light of the 
aforementioned active element substrate, and arranging the focus by the side of the 
aforementioned active element substrate of the aforementioned lens element in the position of 
the paraxial center of curvature at the time of deformation of the aforementioned mirror element, 
or its near in a space optical modulator according to claim 1. 

[0014] According to the above-mentioned composition, since lighting light can be centraHzed on 
the deformation field of a mirror element, it has the effect that the li^t which illuminates the 
non-variant part which does not contribute to the modulation of light can be suppressed. 
[0015] It is characterized by, as for a space optical modulator according to claim 3, arranging the 
array of a pinhole in a space optical modulator according to claim 2 corresponding to each of the 
aforementioned mirror element, and arranging the aforementioned pinhole in the position of the 
paraxial center of curvature at the time of deformation of each aforementioned corresponding 
mirror element, or its near. 

[0016] According to the above-mentioned composition, it has the effect that the contrast of the 
modulation of light can be raised. 

[0017] projected type display according to claim 4 - the light from a space optical modulator, 
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the light source, and this Ught source given in a claim 1 or any 1 term of 3 — abbreviation — it is 
characterized by having the lighting optical system which changes into an parallel light and 
illuminates the aforementioned space optical modulator, and the optical system which projects 
the image modulated and generated by the aforementioned space optical modulator 
[0018] According to the above-mentioned composition, since there is little cover of the light in a 
space optical modulator, unnecessary reflection, or dispersion, it has the effect that the high 
projected type display of contrast can be constituted brightly. 

[0019] a projected type liquid crystal display according to claim 5 ~ the light from a space 
optical modulator according to claim 2, the light source, and this light source — abbreviation — it 
is characterized by having the lighting optical system which changes into an parallel light and 
illuminates the aforementioned space optical modulator, the lens system arranged between the 
aforementioned lens array and a projection lens, and the pinhole arranged the position of the 
focus of this lens system, or near the focus 

[0020] According to the above-mentioned composition, it has the effect that the high projected 

type display of contrast can be constituted from easy optical system. 

[0021] 

[Embodiments of the Invention] It explains referring to the drawing of appending of the space 
optical modulator and projected type display which are hereafter applied to the form of suitable 
operation of this invention. 

[0022] (1st operation form) The structure of the mirror device which is the element which 
constitutes the space optical modulator of this invention using drawing 1 , drawing 2 , and 
drawing 3 and which can be transformed is explained first. Drawing 1 is some cross sections of 
the mirror device which can be transformed. Drawing 2 is the perspective diagram and cross 
section showing the array of the mirror element which is an element which constitutes the mirror 
device which can be transformed. Drawing 3 is a perspective diagram for explaining junction in 
a mirror element and the array of the TFT for driving it. 

[0023] TFT 102 is formed on the glass substrate 101 640 element x480 element in the shape of a 
two dimensional array. After plating gold to the drain electrode 103 of TFT 102, the bump 105 
who **********ed to the desired pattem is formed. A bump^s 105 height is about 20 
micrometers, and while pinches a piezoelectric film 107 and it is connected to the electrode thin 
film 106, i.e., a pixel electrode layer. 

[0024] An air gap (opening) 1 10 is between the pixel electrode layer 106 and the diaphragm 
structure on the glass substrate with which TFT 102 is formed. 

[0025] The mirror membrane structure consists of the laminated structure of the transparent 
insulator layer 109, the common electrode layer 108, a piezoelectric fihn 107, and the pixel 
electrode layer 106. The thickness of the common electrode layer 108, a piezoelectric film 107, 
and the pixel electrode layer 106 is about 1 micrometer on the whole. 

[0026] If voltage is impressed to the pixel electrode layer 106 of a mirror membrane structure by 
TFT 102, a piezoelectric film 107 will deform and will curve like mirror element 1 1 1 A which is 
deforming. Like mirror element 1 1 IB which is not deforming on the other hand when voltage is 
not impressed by TFT 102, a mirror membrane structure is almost flat. 
[0027] The common electrode layer 108 is a common electrode to each pixel. 
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[0028] Then, the manufacture method of the mirror device which can be transformed is 
explained using drawing 2 and drawing 3 . 

[0029] First, the manufacture method of a mirror membrane structure is explained using drawing 
2 . On a silicon substrate 1 12, the silicon thermal oxidation film used as the transparent insulator 
layer 109 is formed. Metal thin films, such as platinum (Pt) which serves as the common 
electrode layer 108 on it, are formed. The PZT (PZT) film which tums into a piezoelectric film 
107 on it is formed. Next, heat annealing is performed in order to take out the property of a 
piezoelectric film. Since a heat annealing process is required, as a substrate, a heat-resistant 
substrate is needed. Next, metal thin films, such as platinum (Pt) used as the pixel electrode layer 
106, are formed. Then, in order to form the independent mirror element 111 corresponding to the 
pixel of a space optical modulator, it **********s in the pixel configuration of a request of the 
pixel electrode layer 106 and a piezoelectric film 102. 

[0030] The bump 105 for taking the electric connection between TFT and a mirror element is 
connected with the pixel electrode layer 106 with the electrode pad 201. In order to make a 
deformation field as circular as possible, it is a narrow pattem between the electrode pad 201 and 
the deformation field of a mirror element, 

[0031] Then, in order to make deformation of a mirror element possible, the silicon substrate in 
the lower part of a mirror membrane structure is ********** ed, and the substrate removal 
section 1 13 is formed. 

[0032] In drawing 2 , the configuration of a mirror element is circular, therefore the field which 
deforms a mirror element is circular. If voltage is impressed to a piezoelectric fikn, a mirror 
element will deform in the shape of the spherical surface (curve). In addition, since one TFT is 
connected corresponding to one mirror element, if the array of TFT is 640x480, it will become 
the 640x480 number of the arrays of a mirror element. 

[0033] The connection method of TFT and a mirror element is shown in drawing 3 . The pixel 
electrode layer 106 which constitutes the mirror element explained by drawing 2 is turned to the 
direction of TFT 102, and thermocompression bonding of the electrode pad 201 is carried out to 
the bump 105 of a TFT element substrate. 

[0034] The example which uses the mirror device which was manufactured at the above 
processes, and which can be transformed as a space optical modulator is shown in drawing 4 . 
Drawing 4 is some (three elements) cross sections of a space optical modulator. 
[0035] To each mirror element, a pinhole 41 1 and the micro-lens element 401 make an optical 
axis in agreement, and are arranged. A pinhole 41 1 makes a hole in the shading film 412 formed 
in the fi-ont face of the transparent substrates 413, such as glass, is formed in it, is arranged in the 
shape of a two dimensional array on the transparent substrate 413, and constitutes the pinhole 
array 410. The micro-lens element 401 is also arranged in the shape of a two dimensional array, 
and constitutes the micro-lens array 400. 

[0036] A pinhole 41 1 is arranged in the center of curvature at the time of approximating the 
deformation configuration of a mirror element by the spherical surface, or its near. Moreover, a 
pinhole 41 1 is arranged in the focus of the micro-lens element 401, or its near. 
[0037] The lighting light 420 is irradiated to the micro-lens array 400. As a lighting light 420, a 
parallel ray is desirable. After it is condensed by the pinhole 411 and the hghting light 420 passes 
a pinhole with the micro-lens element 401, incidence of it is carried out to a mirror element, and 
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it is reflected. TFT 102 is formed in the position which does not interrupt lighting light. 
[0038] Although the light on an optical axis passes a pinhole 411 again among the light reflected 
by mirror element 1 1 IB which is not deforming and the micro-lens element 401 is penetrated, it 
emits, is shaded by the shading film 412, and other Ught does not retum to the direction of the 
micro-lens element 401. 

[0039] After the light reflected on the other hand by mirror element 1 1 1 A which is deforming 

passes a pinhole 41 1, incidence of it is carried out to the micro-lens element 401, it tums into an 

almost parallel Ught, and is injected from the micro-lens element 401. 

[0040] When light can be modulated and the mirror device which can be transformed is seen 

through the micro-lens array 400 by the above principles, the pixel (it corresponds to 1 1 IB) 

which is not deforming is dark, and the pixel (it corresponds to 1 1 1 A) which is deforming looks 

bright. 

[0041] In addition, in order to raise the reflection factor of the light by the mirror membrane 
structxu:e, it is desirable to carry out the laminating of the thin films, such as aluminum, to the 
front face of thin films, such as to make the pixel electrode layer 106 into thin fibns, such as 
aluminum with a high reflection factor, or platinum, fiirther. 

[0042] Since the mirror device which was manufactured by the manufacture method of this 
invention and which can be transformed interrupts lighting light or does not have the structure of 
producing the unnecessary reflected light, it has the effect that an incident light can be modulated 
efficiently. 

[0043] In addition, since light passes along the transparent substrate in which TFT is formed, 
while being able to raise the use efficiency of hght by forming an antireflection film in both sides 
of the substrate, the unnecessary reflected Hght to which contrast is reduced can be stopped. 
[0044] Although it has left the silicon substrate as structure supporting a mirror element with this 
operation form, after joining a mirror element and TFT, a silicon substrate may be crossed to the 
whole surface and may be removed. 

[0045] (2nd operation form) The cross section of the main optical system of the projected type 
display using the space optical modulator explained with the 1st operation form is shown in 
drawing 5 . In order to make drawing legible, it simplifies sharply and the composition of the 
mirror device which can be transformed is drawn. 

[0046] The light emitted from the light sources 501, such as a metal halide lamp, is changed into 
a good Ught of parallelism by the reflector 502 which is a parabolic mirror, and it is made to 
reflect in the direction of a space optical modulator by the beam splitter 503. 
[0047] As the 1st operation form explained, the light reflected by mirror element 1 1 1 A which is 
deforming passes a pinhole 411, and reaches to the projection lens 504 through the micro-lens 
array 400 and a beam splitter 503, and image formation is carried out to a screen 505. Most is 
shaded by the shading film 412 and the light reflected on the other hand by mirror element 1 1 IB 
which is not deforming does not reach the projection lens 504. Thus, the light reflected with the 
mirror element which is deforming reaches a screen, and forms a picture. 
[0048] (3rd operation form) The space optical modulator explained with the 1st operation form 
shows the cross section of the main optical system of the projected type display using the space 
optical modulator of composition of differing to drawing 6 . In order to make drawing legible, it 
simplifies sharply and the composition of the mirror device which can be transformed is drawn. 
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[0049] Although the composition in which the focus of a micro-lens element and the center of 
curvature of the mirror element which can be deformed are carrying out simultaneously 
coincidence is the same compared with the space optical modulator which explained the space 
optical modulator used with the projected type display of this operation form with the 1st 
operation form, the composition of a pinhole differs. 

[0050] The single pinhole 601 is arranged in the focus of a lens 600, or its near. 
[0051] The light emitted from the light sources 501, such as a metal halide lamp, is changed into 
a good light of parallelism by the reflector 502 which is a parabolic mirror, and the mirror device 
100 which can be transformed is illxuninated through the micro-lens array 400. 
[0052] After becoming an almost parallel light and penetrating a beam splitter 503 by the micro- 
lens array 400, it is condensed by the focus with a lens 600, and the light reflected by mirror 
element 1 1 1 A which is deforming passes a pinhole 601, and reaches to the projection lens 602, 
and image formation is carried out to a screen 505. Most cannot pass a pinhole 601 and the light 
reflected on the other hand by mirror element 1 1 IB which is not deforming does not reach the 
projection lens 602. Thus, only the light reflected with the mirror element which is deforming 
reaches a screen, and forms a picture. 

[0053] As mentioned above, although the 2nd or 3rd operation form explained the projected type 
display which used one space optical modulator, the application to the display which projects a 
color picture using two or more space optical modulators, the display which observes the virtual 
image to which the picture generated by the space optical modulator through the lens was 
expanded is possible for this invention. 
[0054] 

[Effect of the Invention] It has the effect that the high space optical modulator of efficiency for 
hght utilization which does not produce cover of the light by the supporting structure or 
unnecessary reflection can be offered, having the supporting structure which supports a mirror 
membrane structure by [ which were described above ] forming an active element on a 
transparent substrate and irradiating lighting light through the transparent substrate like at the 
mirror element which can deform. 

[0055] Moreover, it has the effect that efficiency for light utiUzation can offer high projected 
type display, using the space optical modulator. 
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[Claiin(s)] 

[Claim 1] It is the array of the mirror element which can deform in the shape of a curved surface 
by consisting of a piezo-electric thin film and the electrode thin film which pinches this piezo- 
electric thin film, and impressing voltage to the aforementioned piezo-electric thin film. The 
array of the active element formed on the active element substrate which consists of a transparent 
substrate. Structure of connecting each of the aforementioned active element electrically 
corresponding to each of the aforementioned mirror element. It is the space optical modulator 
equipped with the above, and is characterized by making lighting light irradiate the 
aforementioned mirror element through the aforementioned active element substrate. 
[Claim 2] The space optical modulator according to claim 1 characterized by arranging the lens 
array which changes fi-om the array of the lens element corresponding to each of the 
aforementioned mirror element to the incidence side of the aforementioned lighting light of the 
aforementioned active element substrate, and arranging the focus by the side of the 
aforementioned active element substrate of the aforementioned lens element in the position of 
the paraxial center of curvature at the time of deformation of the aforementioned mirror element, 
or its near. 

[Claim 3] It is the space optical modulator according to claim 2 characterized by arranging the 
array of a pinhole corresponding to each of the aforementioned mirror element, and arranging the 
aforementioned pinhole in the position of the paraxial center of curvature at the time of 
deformation of each aforementioned corresponding mirror element, or its near. 
[Claim 4] the Hght fi*om a space optical modulator, the light source, and this light source given in 
a claim 1 or any 1 term of 3 ~ abbreviation ~ the projected type display characterized by having 
the lighting optical system which changes into an parallel li^t and illuminates the 
aforementioned space optical modulator, and the optical system which projects the image 
modulated and generated by the aforementioned space optical modulator 
[Claim 5] the light firom a space optical modulator according to claim 2, the light source, and this 
light source — abbreviation — the projected type display characterized by having the lighting 
optical system which changes into an parallel light and illuminates the aforementioned space 
optical modulator, the lens system arranged between the aforementioned lens array and a 
projection lens, and the pinhole arranged the position of the focus of this lens system, or near the 
focus 
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[Drawing 7] 
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